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Ahvtrad
A method of optimal 31) viewing base.d on actaptivc dis-
plays of stereo images is presented for advanced (clcn~a-
nipulation. l’hc method provides the vic.wcr with the
capability of accurately observing a virtual 31) object or
local scene of his/her choice with n~inimulll distortion.
‘1’hc viewer is allowed to define  a vir(ual 31) object or
local sccnc at a desired depth as a scaled vcrsicm of a
real 31) object or local sccnc which he/she wants to
focus on.’l’hc kcy rcsrrlt  is an algorithm which clctcr-
rnincs in real-time the optimal paran)ctcr  values associ-
ated with stereo imaging and image projection on a
video scrccn. ‘l’he  sclcctcd parameter values inlplemcnts
tile optimal stereo viewing adaptive to the viewer’s
focus of attention. Simulation results arc shown.

1. introduction

“1’clcpre.scnccis an essential component fortclcnlanipu-
lation[2]. ‘1’clcprcscncc becorllcs m o r e  a n d  nlorc
irnportaat  as the advancement of tclernaniprrlation
dclnands  highly dcxtrous  and dclicatc  r[lanipulation  of
objects for such sophisticated tasks as tclcsurgcry[l].
C)IIC  of tllc kcy features in tclepre.sence is to provide.
the viewer with the capability of observing a 31) sccnc
rclllotcly as if hc/slm observe the 31) scene directly in
the real world. in other wol-ds, toprovictcahulnan  with
tbc natural yet comfortable feeling of 31) visual percep-
tion brtsc.d on stcre.o displays on a video screen(s) is
illlpm(ant  for advanced telcrnanipulation  as well as vir-
tllal reality. More specifically, the image of a real 31)
sccnc is taken by a stereo camera. And, the irnagcs
rccordcd  on the lef( and right caltlera image planes arc
jwojccted onto a video screcn(s)[6]  such that the
viewer’s left and right eyes scc the respective lef( and
righ[  calncra ilnages and synthcsiz,e  the 31) sccnc by
stcrcopsis[4].  In the case where the viewer wants to
charrgc bisfllcr viewing pcrspcctivc,  (11c viewer’s head
orientation toward the desired viewing direction is cap-
tured by a  he.acl-mounted dcvicc to cont[o] the
orientation of stereo canlcra[3].

‘1’his palm concentrates on clcveloping a rncthocl of
slcrco displays that provides the viewer with the capa-
bility of observing a 31) object or sccnc. of hisfl]ct
choim witt] high accuracy under t}lc n~a. gnifica(ion  and
depth set indelmdcntly  by the viewer. l’lcvious work
in this area inclucles  shifting the left and right images
in c)~ywsitc.  dire.ctions to obtain undistorted stereo view-

ing with parallel calncras[5].  lIowcvcr,  it requires tl(at
(hc systerll,  not the viewer, controls the image, sir,c,
which may not bc desirable for nlany applications,
bcsi(ics  the suffering from a trade-off bctwccm dcptb
resolution and stcl-co-irnage over-lap.

It is oflcn the case that the viewer desire.s to set
vicwirrg paramcte.rs  in suctr a way that he/she can
observe a scaled version of the real 31) sccnc at a
cle.sirecl depth. Wc refer to bcrc tbc scaled version of a
real 31) scc.nc fictitiously placed at a desired dcplh
flc)]n ttm viewer as a virlual 31) scene. I;ul lhcrmorc, the
viewc.r rllay desire to focus on a particular object or a
local scene at a tinlc but with high accuracy without
clistortion.  In fact, the behavior associated with the
hunian recognition of an object is that the focus of
hulnan eyes fall on a particular feature c~f anobjcct or
scene at a tin~c, as it jun)ps  around an~ong  Inany fea-
tures. ‘J’hc problcni to solve here is how to set in rcal-
tilne the pararllc[ers  associated with stereo imaging i~s

well as the paranletc.rs  associated with the ~Jrojcction of
stereo intag,cs on the scrccn such that the. viewer  is
capable of observing the object or local sccnc of his/
hcr curlcnt focus of attention with desirccl n~agnifica-
tion and clcpth feeling yet with mininluln distortion,
CIanlcras  with wide and narrow fields ofvicw with tile
ability to ?,oom arc an integral part of most camera sys-
tems. IIcrc,  wc assurnc that thccontrollablcp  aran]cters
awociatccl  with stereo irllaging arc the baseline lenglh
and zoom factor or fc)cal length in the case of pin-hole
cal]~cra model. ‘1’hc  controllable pararnctcrs  associated
with ilnagc projection on a scrccn are the bori?ontal
displacernc.nt  of stereo illlagcs in opposite clircction  and
ttlc ima~e scaling factor. ‘1’hc iniagc scaling factor and
ttlc canlcra  zoom factor or focal length play an cquiva-
]cnt role. }Iowcver,  such redundancy helps to select
palamctcrs not only in ter[ns  of rllinin}izitl~  distortiorls
but also satisfying other pcl-forrnance  critel ia orptlysi-
cal constraint sassociatcd with stereoviewing[5].

2. outline of the Approach
A virtual  31) scene ckfincd by the vicwe; as a scaled
version c)f a real 31) sccnc, wtiich is placed at a clcsircd
dcp(h from tllc vie.wcr,  n[ay not bc accurately syntllc-
sired by IIIC eyes of tlm vicwcl without distortion by
controlling only those irl)aging  and projection paranlc-
kls dcscl ibed above. Our asymach  is that wc idcnlify
the object or]ocal  sccnc the vicwcrdcsires  to focus on
such that the I)alamcter  values arc determined aclaj~-
tively in SLICII  a way that ttlc eyes of the viewer can



synthesim dm selcctcd object or local scene optimally.
l;O1 this purpose, we assu:nc that the cyc orientations
can bc effectively measured by a dcvic.c such that the
loca(ion of the viewer’s current visual focus can bc csti-
lnatcct in the virtual 31> visual world the viewer is
curlcntly engaged in. l’hen, by applying the desired
rna~nification  and depth Sciilcs  set for the current vir-
tual 31) visual world, the estimated location of the
viewer’s visual focus can be transforinc.d  into the corrc-
s~~oncling location in the real 31) workspace. In some
cases, it may be possible that the location of tbc object
the viewer desires to track can bc colnputed  explicitly,
for instance, the location of manipulator cnd-cffector.

I ~irst, wc derive the equations that pr ojcct a point
in tllc real workspace onto the corlcsponding  left and
right points cm the screen through stereo imaging and
image projection opc.rations.  l’hcsc equations arc func-
tions of controllable imaging and projection para-
nwtcrs.  ‘1’hen, wc t} ansfor[n  tllc point in the real work-
space into the corresponding point in the vir(ual
workspace based on the desire.d magnification and
dcp(h  set by tbc viewer. ‘l”ha( is, the virklal workspace
is set as a scaled version of the real workspace locatccl
at a desired dcptll. Iiollowccl  is the derivation of the
equations that project the point in the virlual work-
space orrlo the left and right points on the screen in
such a way that the eyes of ihe viewer can perceive an
object or scene with the desire.d magnification and
dcp(h  and without distortion. The left and right points
defined in the latter represent the ideal locations of a
point. ‘1’hc optinli~,ation  involves the minilniz,ation  of
crlor bctwccn the ideal locations of points from the vir-
tual workspace. and the actual locations of points frorll
the actual workspace by controlling the imaging and
projection para[llcters.  We pI oposc two approaches for
dcterlllining  ttlc optimal parameter values: First, based
on the. cstinlatcd location of vicwc.r’s visual focus in the
rc.al workspace, wc select a number of points around
the ~~oint of visual focus. “1’he.n,  wc co]npute the opti-
~tial palanmter values for each of the selcctccl points
individually, by taking advantage of the fact that there
exists an exact solution for o[~tirniz, ing single point, i.e.,
wc can find the parameter values that allow a point in
tlm virtual 311 sccnc exactly lnatch with t}lat of the cor-
responding real 31) scene. l’hen, final parameter values
arc obtained by the weighted average of the individua]
pataloc(cr values, wbc.re. the weights may be inversely
p]opo~ tion:il to the distance from the point of tl)c.
viewer’s visual focus. %conci,  WC. define the error func-
tions as the squared sum of the e.r[ors from ttm
individual points. An optimal solution which n~ini-
~lli~cs this cllor  function is tllcn derived to dctclrnine
an o~)tinlal parameter values.

As an cxalnplc, let us consider- that the vic.wcr is
given tlm 31) sccnc of manipulator workspace for tclc-
IIlanipulation. Assume tha( the viewer is curie.n(ly
focusing on the manipulator cmd cffccto)  in tlm virtual
workspace defined with the curlcnt magnification and
dc.l)tll set by the viewer. Now, the viewer wants to
lnove his/her focus frolll  the manipulator cnd-cf~cctor
to the objc.ct to be grasped. ‘1’he vie.wcr tlm 01 ie.nts his/
hcJ eyes to the object in the vir(ual  workspace, which is
subscqucntt  y cap~urecl by the device measul ing C.yc  01 i-
c.ntalion. ‘1’hc  viewer also conlro]s a nlouse to set tltc

proper magnification and depth of the object in ordcl to
create a new virtual workspace. ‘1’hc  location of th(;
object in the real workspace is estimated from tlm esti-
mated location of the object in the vir-mal workspace
based on the measured eye orimtations.  q’hen, wc
select rnultiplc points rcprcscnting a volurl~e around the
cstirnated object location in the real workspace.. The
final pararnctcr  values to be used for ncw stereo dis-
plays are then obtained fro]ll the wcightccl average of
the parameter values computed for individual points
or from the equations derived fcm multiple point optilni -
xalion.  l’hc lallcr provides a more accurate solution at
t}le expense of conlputation.

30 Projection of Real  31) World onto Screen

In this section, we derive the equations that project a
point in the real 31> workspace. ontothc Icfl and right
points on the video semen for tlw viewer’s lc.ft and
right eyes, rcs~~cctivcly.  ‘l’his consists of two proccsscs:
1) the stereo imaging in parallel can~cras, and 2) the
displays of stereo images on (he screen.

3.1 Str_rco In]aging,

AS shown in Fig. 1, a point, 1’, in the real world, P =
(x, y, z)7’ in the carncra coordinate franw, for[ns  the cor-
responding ilnage points, P;[’ and I’;R, 011 the ]cft arid
righ~ can)cra image planes, respectively, where }ti[ =
(l’J’l’, }\/1’)3 a n d  /’iK = (} ’JiR, I’),iR)T  in [Ilc respcctil,c
left andright  i]nagcplane  frall)es. Assumingthcparal-
lcl camera configuration with the pin-bole can)cra
~llodcl, wc have

P (x, y,z,)

4 -– ------ d ----  ---

Fig], StcrcY{Anlera coJ]fig~lj.atiofi

Pr’l’ ~ L(JF’)
2(7(’”- %9I’Aij: = -

{y = py =_ - f.
z + f)’

(1)

(2)

(3)

wllerc the baseline ]cngth c]f two parallel calncms,
~CWtlJ and ttlc ~()~)111  fact~)r~)rtllc calncra focal Iength, f.
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are considered adjustable parameters.

3.2 l)isplaying  Stcrto lrnal:cs  on Screen

‘J’hc  lcf( ancl right camera images arc them projcctcct
onto the video scrccn for s(crco displays, where the pro-
jection involves the horizontal and vertical scaling of
illliig~s  with the scaling factors denoted respectively by
.$j and SY, and the horizontal shifting of images in (11c
opposite dircctim  with the amount of a syllmetric  shift
dc.rmtcd by K, ‘J’hc  horizontal  shift may bc defined in
terms of the sc.rc.cn coordinate frame located at the ccn-
tm of the sclccn. };or convcnic.ncc, here WC. ck.fine K in
tcrn~s of the Icft and right scrccn  franm which arc par-
allel to the scrccn frame ancl located directly in front of
tbc left and right eyes of the viewer, respcctivc]y,  as
shown in }iig. 2. ‘l’he eye frarncs of (he viewer is
assume.ct parallel to the screen frame and is located
about the ccntcr of the screen. l’hen, the image points,
Pi]’ and }JR, arc projected onto the points, P$l’  and P$R,
rcspcctivcly, of the scrccm, where 1>7[$  ~ (pisl’,  PYSL)7’

and /’YR = @R, pysfi T) can be rcpremntcd in the
~cspcctive left and right scrcm  frames by

(5)

‘1’hc scaling paralnetcrs, SJ, .$Y, and the shifting paran~c-
tcrs, K, arc  considered acljustablc. Hqs. (4) and (5)
rc.present the projection of (he poiut, P in the real world
onto the points, }’$1’ and P$R on ttw scrmn through ste-
reo imaging and irnagc projection, where }“$[’ and }’YR
can bc contlollccl by the adjustable paralllctcrs,  drfl,,l,  ~,
S3, SY, and K.

*iS1rI~Pr~serlts  l~ft l)rc@ted imatm axis
*iSR r~]~l~serltsli ~lltl~r~je~ted  ill~ag~axis

1- d -1

1+’ig. 2 l’r&&tion onto Scrccn

Note .  that the adjustlncnt of f is ccluivalent  to
adjusting z,oorn  factor or field of view in the pin-hole

canlcramodet,  l’hcrcfore,  instc.acl  of performing digital
image. scaling with S’x and SY, wc can adjust J while
kccping Sx=SY=  scr-ccn  si7e/irnagcs izc.rl’hiscan  pre-
vent the reduction of resolution duc to image
]nagnification.  However, to have SJ and SY can help lur-
thcr minimize  the, viewing distortions.

4. Projection of Virtual 3JI  World onto Scrccn

A virtual 31) world is a scaled version of the corre-
sponding  real 31J world, which is placed at a desired
dcp(h from ttic viewer. A virtual world is defined by
tllc viewer in order to observe an object of his/her inter-
est with a desired magnification at a desired depth.

4.1 Gcncration of Virtua131)Objcct

I{irst, we imagine that the cyc frame of the viewer coin-
cides with tbc carncra frame, SUC}l that the real worlci
scc.n by tllc canlcra is placed fictitiously in front of t}m
viewer’s eyes. ‘l’hat is, a point, }’, in tlIc camera frmnc
is rc~mscntcd  as the corresponding point, lx, P’ = (,ve,

ye, zc)in ttmcycframc,  wberel’=-  fr, as sllownin  Fig.
3. ‘[’hen, the Viewer wants to scale the rca] wor]d  and

P(x,y,z) = F

pv, {b

!-~ly;--++
Fig. 3 ‘J’ransformation fron~ camera view

to virtual view
place it a( a certain depth from hinMlcr-. ‘l’his can bc
done by scaling ctrch point, F, with t}lc clcsircd scaling
factor [X and shifling the scaled point by /z 10 the

dcsirccl depth, such that P’mrwe.s to the ncw position,
pv pv :. (Pxv, l;?, Pzv)l:”

Pt’ = a(x,y,z)7-1  (O,O,J (6)

4.2 l’rojcction of’ Virtual 31) Ol]jcct onto Scrccn

Now, thcvirtual  31) wc~~l(l crcatcclbytl~c  vicwercanbc
projcctcd  onto the scrccn so that the ideal position of P
irl the ]cal 31J world can be dc.flncd on tllc sclccn. Si]ni -
]al to the case of stereo imaging, l’~’ can bc projected
onto tllc left and right points, l’~’s”  and /’l’s}:,  rcsl)cc-
tivcly, on the screen. l’~’s[’ arid l“’’$’;,  wtlcre }’vS’  :
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(]JLV$$I, PYVS11)7’  ~n~ pvs~ ~ (}IXK$R, Jlyvsk’)l; can hc
defined in terms of tbc lcfl and right scrccn frames,
rcs}mtivcly,  as follows:

( __ )CX.X+!;E  d,c
\,sl,

P, =-
az+fz

( d )u x - -e’: . d~c
~, b’sR 2= - ———-— .-—-—----1 az+r Z

(7)

(8)

and,

P}
VS1< ~“Y”~$[

=  J’Jvs~ = - --–
Cx. z+tz

(9)

S. Sc]cctioll of O1]timal  IBaramctcrs

‘1’IJC distortion in viewing is cause.d by (hc crmr
bctwccn the scrccn points, l’s]’ and I’YR, projcc[cd fro]))
Illc stereo images and the screen points, }’”’$” and /’vsR,
projcctccl from the virtual 111-) world. ‘1’o  be free of any
distortions, this error should bc z,cro for each and every
~~oinl cm the scrccn. Unforlunatc]y,  this is not acbicv-
able. only by adjusting the parameters, dca,)l, ~, S’l, $,
and K for an arbitrary set of cx and tz.

‘1’hcrcforc, w c  n~inirni~,e t he  crtors of sclcctccl
points rcprcscntirrg  the Vohr[nc  where the vicwcl- wants
to focus cm, adaptively to the change  of the vicwc.r’s
visual focus of altcntion.

5.1 l)istortions  in Vicwiag

‘1’hc cm 01s bctwc.cn P$f’  and }’vsI  and t~ctw~c,ll }’$R and
I’V’Y/”,  rept escntcd as (elJJ ~YJ 7 “  al]d (eA,, eyr)~;  respcc-
tivcly, can bc obtained from llqs, (4 - 9):

(lo)

(11)

%2 Sclcdion  of Points to bc C)ptirnizcd

‘1’hc selection of optimal parameters for the. rninilliiz.a-
tion of viewing distortions is based on a number of
sclcctccl points rcprcscnting the volurnc. arounci the
viewer -’s cul-lent visual focus. Since human eyes can
not sec. wlm]c scene at a time, the scene dots not have
to [m ofrtirlli?ccl for all points. If optilni?ation  is done
for whole Sccrlc tlml it causes more c.]-]  ors around the
view point of human cyc and it is not dcsirab]c. }Iow-
cvcr cnougll points should bc considered to get a
suf~lcicntly clear virtual sccnc.

I’hc viewer’s curlcnt visual focus, I’Vf,  in the vir-
[ual 31) worlcl can be identified from the. mc.asurcd
orientations of viewer’s eyes based oti t(-iang,ulatim.
‘l’hat is, by detecting tllc postuIc,  orientation and dis-
tance between pupils of the viewer using a special
dcvicc, his/her view point can be cslirnamt.  ‘1’llco, PVf
can bc transformed into the corlcspondin~ point, Pf, in
the real 31~ world by Itq. (6). A set of points is then
selcctcd fronl  the volume. around }J for optilnization,
‘] ‘tic change of t}lc viewer’s visual focus prompts lhc
selection of a ncw set of points for optimization.

S,3 Parameter Optimization

‘l”hcrc arc two approaches for achieving parameter opti-
mization with the selected poin(s:  1) wc compute first
the optimal parameter values for individual points. ‘]’hc
final optimal paralnctcr values ale the weightccl SL1lH of
individual optimal pararlicte.r values. ‘1’his nlcthod is
Icfcr[cd to here as the point-wise. optinlization. 2) wc
compute the optimal parameter values {0 miniinizc the
wcigbtcd sum of ttm squared cl-iors fi 0]11 all tllc points.
‘1’llis nlcthod is rcfcrrcd to here as the multi-point
Optinlizatiorr.

l’oirlt-Wise Optimization

]]astxt on cqs, (10) LLncl  (11), the cllor,  (cll, e}l)7’  and

(CA,> eYr)7; rcprcscntin~  ttlc point-wise distortion of
viewing can bc made null for a given point by adjust-
ing palanmtcrs  based on:

(12)

(13)

‘1’hc  image scale factor, .$l and SY, should bc C]W.
sea  same, }lcl.  (12) shows that the same rcslllt can tlc
ob(aimd by adjusting either the image. scale factor, S1
or the focal length, ~. Iiurlhcrmor-c,  ltcl. (1 3) indicaks
tl]at the selection of the camera baseline length. de{,,,,
altcl the horimntal image shifting, K, is not unique.
}Iowevcr,  this redundancy in selecting pamnictcr val-
ucs arc rather desirable, since wc cat) taking into
consideration additional performance critc.lia and physi-
cal constraints associated with ,Yl ancl ~ as well as dc(,rtl
and K, Iior instance, wc have a frccdc)rn  to choose
paranlc(cr  values in sLIch a way as to lninirniz,c lhc
irnagc  resolution clcgradation,  deIMl distot [ion, and ste-
reo ilnagc ovcdap reduction. Note tl)at the parameter
va{LM dctcrlninecl  by ~iqs. (] 2) and (1 ~) arc only a
function c~f the clepth 7, and arc indcpcndcnt  of x and y.

Once the pararnctc.] values arc obtained for
sc]cc(cd  individual points, wc can obtain ttlc. f]na I
parameter values by ttlc weighted average of individual
va]ues.  ‘]’hc weights can be assignc.d to individual
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points, P~ inversely proportiorml to the clistancc from

the rcfcrcncc point, Pf, as

Wi = 1 / l’if –- Pf II (14)

‘1’hc result can be sunmarizccl as follows:

,$ ,,,), ~ y}:is,’ ~wif’
i

x

~~”1’ “ r  ‘ 0 ’ ” =  ‘S”;

(15)

i

~o[,, ~ ~i;’iKi

&;$’i

(16)

~,,, ‘>}t’idcan,i

d Cor!l  r

“  ~Ji’i

(17)

l’bc l~oir]t-wise’o~>till~ ization is silnplc to calcula[c. and is
suilablc for I-cal tilllc conlputation,

Multi-1’oiut  Optimization

We fiist represent the total cr[ or, E, associated with the
se.lcctcci points as the wciglltcd sum of squared errors
of’ individual points. Ikoal Eqs. (4- 11), c call he rcprc.-
scntcd as

& = &y + E,r, + &x, (18)

‘~ = f ‘i.Y,(s,bi  ‘- alCl)2
i=l

N

Cj/  =  >-, O)j(Xi(Sj  t)i - ~i~) +  C’)*

i=]

E., , = ~ ~i(~i(Sxbi-  ~ia) - Ci)2

j=l

wbcrc

lirorll  lbc ncccssal-y condition of oplilnality, i.e., the
pal-tial dcl-ivatives  associated with parameters to bc
ol)(imiz,ccl should be ~,cro, wc can obtain the following
cc]uations governing tbc o})tinlal paramctct values:

S,(A i Iklc,,,,,2 ) - dca,,l((~ + l~K) z O (19)

S,dcu,,t: - Kfi = F’

S,(lco,,,; - K; = :

(20)

(21)

Sy =“

where .

(22)

LLL

~2coiyci2aiabi
-[ . . . . . . .

~20)iyci2bi2
i

A = ~4(oibi2xi2,  I) = >40)ibi
i i

1{ =- ~20)ibi2,  1’: ~ ~40)i (23:)
1 i

‘J’t~c  optimal value of the scaling factor, SY, can be
computed indc.pcndcatly of others, as shown by l;,q,
(22). However, duc to the dcpcnclcncy  of l;qs. (19-2 1),
tbc optimal parameter values for dc(,,,l, K, and .$x can
not be uniquely determined, similar to the case of point-
wisc optilni~a[ion, l’o solve this problcni,  we. can intro-
duce additional pcrfcmllance criteria SUC}l as depth
distortion, image resolution, and stereo overlap for opli-
111i7ation. onc simple way to solve. the problenl  is to
decide the. baseline lcnglb, dca,,l, first based on its ptlys-
ical constraints and its cffc.ct on depth distortion and
stereo overlap. ‘1’bcn, the scaling factor, .$1, and tllc
shifting palamctcr, K, can be cletelll~ined frol]l }lqs.
(19)(20) or (19)(21) as follows:

(C- 2FI)
s, , ---- -2!!!”

( )
A + (1,,,,),2 B - !)’

21’:

K=- cm!2w - 2i’1)) ,

Z’{A’ P- 3“J)- ; ’2 4 )

6. Simulation and Analysis

Section 6.1 shows tbc results of the optilllization proc-
ess in obtaining a good view of a sctc.ctcd area of a sim-
ulated manipulator. Section 6.2 analyses die size of the
virtual objects as a function of distance floln ttlc crm-
cra. Section 6.3 considers the. cases wbcn the view is
rllost natural for a given nlagnification.

‘1’bc sirllple IIanslatiorr  factor  ‘tf ’ can also bc
viewed as a translation component ‘dvobj  - (n*dobj)’.
The latter definition is rllore intuitive when tbc viewer
is intclcstc.d  in magnifying his vim, while. lookin~ at a
sl]ccific object located al distance doly’ frmn tbc camera
wtlile keeping tbc virtual ohjcct at clistancc  d~wl}j froth
tbc viewer in tllc virtual world,

6.1 Simulation
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for end effecter points. -

bccausc the distance of these points in tbc. clcsilccl vir-
1 ual worlct bc.comes  ncgat ive. What wc nm.d to unclc~ -
stand from the ~raph is that if we clo ml fmfcmn  the
optill~ization  pmccss constantly [hen as the object of
intcmst mcwcs along 7 it will appear lcj shrink or glow.
‘Jllis is c]car]y uncle.sirable.

In the. scconct graph on lclativc magnification clobj
= 90&l clvobj = 90. Wc notice that for a = 0.95 the lnag-

I“ig 10 Comparison dobj = 1000 cm. (right eyc
case is siinilar & hence not showll).C)I~titl~iza-
tion for enrl cffcctor points.

Fig 11. Comparison dob.i = 1000 cm (left evc case is
similar C& hence not shown). Optimization for
points on the first link.
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1)l~ig 12. Relative magnification (case
z is in crns C% c1 = mag

nification is almost constant anct shoulcl not requite
constan[ updating. Actually this is noticed bccamc [Ilc
case is close to the ictcal case that will bc cliscussccl in
dIc next section. Also if dvot~”  > c/*(c/oly”  + f) (i.e. tz >
(/*f) thcll C)bJCCtS  fat llICY aWZiy ill tllC Vil (Ual  WOI]CI
appear slllall cr. in the. other case objects farth cl- away
will look larger.
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I’hc rrscfulncss of tbc optinli~ation pmccss  is cviclcnt
fJonl  [hc results of the simulation. We chose to simulate
a n~anipulatot with tlmc links and an cnd cffector.  l;ach
of the three links has a single block. ‘1’he crrd cffcctor  is
mode.llcd to look like a gripper. ‘1’hc  sim of dlc tbrec
links arc about 10x50 x10c1113 each. “1’hc  size of the cncl
cffcctor  is about 20x I 5X10 C111

3. I’hc orientation of tt]c
manipulator is such that the cad cffector  is farther away
froln  the first  link by about 45c11). We perform the opti-
]nization process for multiple points on the cad effecter
and compare. the results of the actual view obtained
with the desired view. Say we dccidc to place the vir-
tual manipulator at a dis[ancc of dvobj = 45 c~ns fron)
the viewer with a magnification of 0.15. Say screen
width is 30cn~. ‘l’his would mean that the screen will
hold about 30/0. 15 = 200cm of the real sccrrc’s width at
the pos][lon  of [hc real object,

I~or the viewer to notice a scaled nlanipu]ator  at
dvol)j, the view on the screen should bc as seen in fig. 4.
IJig. 5 shows the actual view obtained by optin~iTir~g  for
the view for prc-sclcctcd points on the cmcl cffcctor
when the clistancc  of the manipulator from the camera
(dobj) i s  200c1n.  Fig. 6 shows the actual view as
dcsmibcd  for fi~.5 for the case when dobj . 90e.n~.  I~ig.
7 shows the actual view as described for fig. 5 for the
case when dobj = 1000cn~. I;or a better comparison of
the results wc show the desired and actual view for var-
ious cases separately for each eye. Fig, 8 shows the lcf[
eyes view for the optin~iTcd  case as WCII  as tlw desired
case. Wc can now clearly scc how the actual view
matches tllc desired view bct[cr a[ the end effecter. };or
his case clobj = 90c1n. IJig. 9  s h o w s  t}lc views as
dcscl-ibccl for fig. 8 for the right eye. Fig. 10 shows the
v i e w s  a s  ctcsc]ibc.d  for fig.  8 f o r  the Case Wtlcrl
dot)j:  1000 cIn. We can compare the result with that of
o~)tilniz,ing for- all the points on the first link. l~ig. 11
coml )arcs the right eyes desired view with that of the
right eye’s actual view. For this case the optimization
was dorrc for points on the first link. Wc can see that
unlike the other cases the end cffcctor’s desired and
actual vic.ws arc not propc,rly matched but that the first
links actual and desired views arc properly matched.
}Icncc WC can concluclc  that if wc optir[]i?,c the viewir~g
palalnc(crs for tbc cnd cffcctor them it is scaled as spcc-
ificd and placed at tbc spccificcl distance in ttm pcr-
ccivccl WOIICI,  and if the optilnizatioll is done for the
first link then tile first  link is scaled as spccificd and
placed at the spccificd clistancc in the pcrceivcd worlcl,
with negligible errors. ‘lThc usefulness of the optilni Ta-
tion }mccss in obtaining a good view of a sc.lcctccl area
or obj~~t in the real world is ~vidcl~t frolll t}lc, sirllllla-
tion.

6.2 Relative hlagnificatioll

lly studying the relative magnifjcatiol~  ‘M’ of the ~]oints
a,s a functlol) of 7, wc earl ur~d~rstarld ttl~ rlce(l fc)r ~or,.
tlnually pclforinir)g the optimizatior~  process Wc define
M as follows:

St

M = -:~~, Vs[, (25)
y

.-.-. _ _ => [efiview  &-----=>  rig}] tview

Fig 4. dcsircrl view clvobj=4Scnl,  nlag=0,15
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Fig 5. Actual view dobj = 200c1u. Optimi-
7.ation  fcm cnct cffector  points.

=> Isftviow-  -  - -  => rightvic)w

lJig 6. Actual  view dobj = 90cn1. Optimizatio]l
for cnd effcctor  points.

M is irdcImldcr~t of y. ~onsidcr  the ~ral)lls in figs.
12 and 13. In the first case, wc ol)tirniz,cd  f for dobj =
200 CIN ancl dvobj = dsc = 45 cm. As noticed fronl  (Im
glaj)ll the best value of M (i.e. M = 1) is not at clobj.
‘l’his is bccausc it was optirniz,ecl for a r~ur~lbcr  of points
on the simulated manipulator. M7C also notice that for
sorlie value.s of ~na~ M becomes  r)c~a[ivc. I’his  is
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1~’ig 13. Relative Magnification (case 2)

6.3 Natural View

I’hc natural view refers to the case where all of the
scene is exactly as it should be if it were rnagniticd by a
factor 0. We. need:

P
S1l

A4=---=1-=l~, VSI<
(26)

.
Y

If wc have:

f+ dobj = ~v$ (27)

then the equation becomes independent of z. i.e. when
tz~a *f. Ilut wc still need to have M=- 1. Assuming no
digital scaling, this would necessitate

Sw f - ,-.—.—. ..— _
W dsc

(28)

where SW is the screen width and W is the width of
the image plane that is mapped onto the screen.

l’his basically implies that the field of view that is
subtcnctcd by the screen on the viewer should be equal
to the tlcld of view of the camera, Also to have proper
shift of the on-screen images and to have uniform varia-
tion of the. virtual space. wc nc.eci to have

((i
d eve

cam = -

c1 (29)

Un(icr tlmse conditions the view will be most natu-
ral. 1 t is like making the distance bctwccn  our eyes
equal to d@Y~u, and then looking at the world. As long
as ltlc above paralnctcm arc satisfactory we can stick to
the natural view. But in the field of telcopcration  versa-
tility anti non-ideal sul-roundings  wiil require the ki!,cl
c)f optimiz,ations  presented in this paper.

user chosen scaled model at a user chosen depth has
been presented. convincing simulation results shows
the vaiuc of the optinlization  process for real world
a~pIications where telepresence  is required and/or
desired. l’hc optimizing process is not computationa]ly
intensive and can hence be used in real time to select
new viewing parameters based on required scaling and
depth of the virtual world.  Coupied with systems that
can determine the points on the screen that is seen by
the eye., and camera systems that can accurately and
rapidly adjust the camera parameters, the optilni?,ation
process can give the user a feeling of being immersed in
the scene with the option of adjusting the scale and rel-
ative shift of the virtual world that accurate.ly represents
a real world scene.
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‘7. Conclusion

A ]nethocl of optimizing stereo viewing para]nctcrs  to
present Sclcc[cci areas of all ac[llal sccI~c. [~, look like, a


